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The second quarter has been devoted to finishingpuons of the literature review
that were initiated after the PHMSA kickoff meetimgthe truncated first quarter of work for
the contractCorrosion and Integrity Management of Biodiesel Pipelines. Based on
completed portions of the literature review and timgs held with members of co-funding
agency National Biodiesel Board many of the detHilhe testing under this project have
been refined in quarter 2. Among these specifias\rere left unresolved as of the close of
the kickoff meeting were which inhibitors to testich feedstocks of biodiesel to investigate
and which elastomers were most applicable.

Based on discussions with a number of pipelineatpes and literature on the
subject it is recommended to include up to thredefmost common corrosion inhibitors
for diesel pipelines. The following products arggested: Dupont AFA-1, Nalco EC
5407-A, and Tolad 3032. Inhibitor concentrationi be determined based on
manufacturer's recommendations.

The literature review also revealed that differiegels of saturation can affect
some biodiesel fuel properties significantly, evfehe fuel meets ASTM D 6751.
Subsequently, each feedstock is made of differeaggstions of saturated,
monounsaturated, and polyunsaturated fatty acmghé&decision was made to test with
three different feedstocks each representing ambajochmark in saturation level. Listed
in increasing saturation levels, these are soynahfiats and used cooking oil (yellow
grease).

The literature review performed on the known intéoas of polymers with
biodiesel and petrodiesel revealed that Nitrildoerocompounds, polypropylene,
polyvinyl, and Tygon® materials are particularlyinerable to B100 exposure. Three
candidate materials from these basic groups wiliddected for testing.



The basic construction of test setups has alsmtplkee and been completed in the
second quarter. We have three main setups thadicate with the three technical tasks
involved in the proposed work:

Task 1 — Corrosion Inhibition Performance
Task 2 — Integrity of Non-Ferrous Metallic Systemn@ponents (Cu-alloys)
Task 3 — Integrity of Non-Metallic System Comporsetilastomers)

The test setups for Tasks 1 and 2 are congrualis@rsist basically of a daisy chain
of temperature controlled glass vessels each congaa distinct experiment based on the
proposed matrices. Task 3 utilizes a specializedkdiurnace for the testing of elastomeric
materials. Each Task is discussed in further db&dw.

Task 1 — Corrosion Inhibition Performance

Based on the literature review and discussions &itimber of pipeline operators it
is recommended to include up to three of the mostroon corrosion inhibitors for diesel
pipelines. The following products are suggestedod@u AFA-1, Nalco EC 5407-A, and
Tolad 3032. Inhibitor concentrations will be detéred based on manufacturer’s
recommendations.

As the title suggests, this task involves the 1@atfon of common petrodiesel inhibitors for
efficacy in biodiesel. The inhibitors identifiedrttugh the literature survey are 11, 12 and 13.
These corrosion inhibitors will be studied in tloeif biodiesel blends (three distinct
feedstocks) at two separate dosage levels.

The experimental setup is pictured in the follogviigure.




Figure 1. Array of test cells for inhibitors and Cu-alloys testing in biodiesel.

A close up of one of the glass cells in the argadtired in the next figure.
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Figure 2. Example temperature controlled test celio be used in immersion studies.

Each test cell will be daisy-chained to a circulgtbath that will keep the immersions at
38 +/- PC. Preliminary tests have been conducted to erieatéhe temperature drop
from the first cell connected to the bath to tret la the array is maintained within +/-
1°C window. After a two hour period for equilibratiof the system the temperature in
cell 1 was 38.24C and the final cell (cell 12) was reading a terapge 37°C.

Fluctuation within the spread of cells was les®1t@&°C from one to the next. Twelve
cells will be allocated to the inhibitors testidgsimilar setup of eight additional cells
will be utilized for the Cu-alloy and fuel degraibet studies.

The second portion of inhibitors testing will begn quarter 3 and will include
sophisticated electrochemical measurement of fireaey of the inhibitors via the use of
micro-electrode array testing.



Multi-micro Electrode Array (MMA) for biodiesel inhibitor testing
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Figure 3. Schematic of the face of the multi-electide array probe.

Task 2 — Integrity of Non-Ferrous Metallic Systemn@ponents (Cu-alloys)

Task 2 has two main objectives. The first materdted objective is to document
the degradation over time of Cu-containing alloysewimmersed in the various blends and
feedstocks of biodiesel. For this, one alloy wél litilized as a prudent example of common
Cu-based alloys which experience regular incidewitie the fuel. The second is to also
monitor the oxidation of the fuel with respectitné of exposure to the alloy. Both
experiments will take place in the same test @¢le type of cell pictured in Figure 2 allows
for the insertion of counter and reference ele@sad order to monitor the corrosion
behavior of the Cu-containing alloys electrocheihyc&@eriodic samples of the fuel blend
will also be collected to test for degradationted biodiesel over the time period of the
exposures. A series of eight additional test didéspictured in Figure 1 will be allocated to
electrochemical monitoring of the Cu-alloy corrastmehavior using a multiplexed
potentiostat. These will also be temperature cdiettaising a circulating bath at 38 +~CL

Task 3 — Integrity of Non-Metallic System Comporsefilastomers)

For the testing of elastomer materials, a 28 tdst block furnace is used. Each test
tube will hold contain one specific experimenthie matrix. The objective is to discern the
tendency of specific elastomeric materials to svedperience increased brittleness and have
a reduction in compression strength as a resydtadnged exposure to the matrix of
biodiesel blends.

Unfortunately, the start of testing is suspendattp®y the arrival of biodiesel
samples from one of our co-funding organizationanilefforts have been made to arrange
the acquisition of samples of each of the threeeaf@ntioned feedstocks along with enough



petrodiesel to make each of the blends to yet ad.aWith the acquisition of fuel samples,
test setup for all technical tasks can be compld®egliminary testing of the micro-electrode
evaluation technique for Task 2 may also beginuAlctiata collection is planned to
commence in quarter 3 again pending the acquisiti@dequate amounts of biodiesel and
petrodiesel fuel samples.



